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RADIO RESOURCE ASSIGNMENT IN
CONTROL CHANNEL IN WIRELESS
COMMUNICATION SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a continuation of U.S. appli-

cation Ser. No. 14/960,078 filed on Dec. 4, 2015, which 1s
a continuation of U.S. application Ser. No. 11/538,758 filed
on 4 Oct. 2006 (now abandoned), the contents of which are

incorporated by reference herein and from which benefits
are claimed under 35 USC 120.

FIELD OF THE DISCLOSURE

The present disclosure relates generally to wireless com-
munications, and more particularly to controlling channel
signaling for shared channels in wireless communication
systems, for example cellular communication networks,
corresponding entities and methods.

BACKGROUND

Time division multiplexing (TDM) and frequency divi-
sion multiplexing (FDM) methods, including hybrids
thereot, have been proposed 1n addition to separate and joint
coding of control channel signaling for scheduling downlink
data transmission in the Long Term Evolution (LTE) of
UMTS Terrestrial Radio Access (UTRA) and UTRA Net-
work (UTRAN) specifications. In TDM and FDM transmis-
sions of control channel signaling, the control information
for downlink and uplink assignments may be transmitted
over the first few symbols of the downlink frame or it may
be spread out over the length of the frame. The frame
duration 1s approximately 0.5 ms, though other durations are
also possible.

The various aspects, features and advantages of the dis-
closure will become more fully apparent to those having
ordinary skill 1n the art upon careful consideration of the
tollowing Detailed Description and the accompanying draw-
ings described below. The drawings may have been simpli-
fied for clarity and are not necessarily drawn to scale.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1illustrates a wireless communication system.

FIG. 2 illustrates a radio frame comprising a composite
control channel having a plurality of control channel ele-
ments.

FIG. 3 illustrates a composite control channel having
different of control channel element types.

FIG. 4 1illustrates a process tlow diagram.

FIG. § 1illustrates another process tlow diagram.

DETAILED DESCRIPTION

FIG. 1 illustrates a wireless communication system 100
comprising multiple cell serving base units forming a net-
work distributed over a geographical region. A base unit may
also be referred to as an access point, access terminal,
Node-B, or similar terminologies known 1n the art. The one
or more base units 101 and 102 serve a number of remote
units 103 and 110 within a serving area or cell or within a
sector thereol. The remote units may also be referred to as
subscriber units, mobile units, users, terminals, subscriber
stations, user equipment (UE), user terminals or by other
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2

terminology known in the art. The network base units
communicate with remote units to perform functions such as
scheduling the terminals to receirve or transmit data using
available radio resources. The wireless network also com-
prises management functionality including data routing,
admission control, subscriber billing, terminal authentica-
tion etc., which may be controlled by other network entities,
as 15 known generally by those having ordinary skill 1n the
art.

Base units 101 and 102 transmit downlink communica-
tion signals 104 and 105 to serving remote units on at least
a portion of the same resources (time and/or frequency).
Remote units 103 and 110 communicate with one or more
base units 101 and 102 via uplink communication signals
106 and 113. The one or more base units may comprise one
or more transmitters and one or more receivers that serve the
remote units. The number of transmitters at the base umt
may be related, for example, to the number of transmit
antennas 109 at the base unit. When multiple antennas are
used to serve each sector to provide various advanced
communication modes, for example, adaptive beam-form-
ing, transmit diversity, transmit SDMA, and multiple stream
transmission, etc., multiple base units can be deployed.
These base units within a sector may be highly integrated
and may share various hardware and software components.
For example, all base units co-located together to serve a cell
can constitute what 1s traditionally known as a base station.
The remote units may also comprise one or more transmit-
ters and one or more receivers. The number of transmitters
may be related, for example, to the number of transmit
antennas at the remote unait.

In one embodiment, the communication system utilizes
OFDMA or a next generation single-carrier based FDMA

architecture for uplink transmissions, such as interleaved
FDMA (IFDMA), Localized FDMA (LFDMA), DF'T-spread

OFDM (DFT-SOFDM) with IFDMA or LEDMA. In other
embodiments, the architecture may also include the use of
spreading techniques such as direct-sequence CDMA (DS-
CDMA), multi-carrier CDMA (MC-CDMA), multi-carrier
direct sequence CDMA (MC-DS-CDMA), Orthogonal Fre-
quency and Code Division Multiplexing (OFCDM) with one
or two dimensional spreading, or simpler time and ire-
quency division multiplexing/multiple access techniques.

Generally, a wireless communication network infrastruc-
ture scheduling entity located, for example, at each base unit
101 and 102 1n FIG. 1, allocates or assigns radio resources
to remote units 1n the network. The base units each include
a scheduler for scheduling and allocating resources to
remote units 1 corresponding serving areas or cells or
sectors. In multiple access schemes such as those based on
OFDM methods and the long term evolution of UTRA/
UTRAN Study Item in 3GPP (also known as evolved
UTRA/UTRAN (EUTRA/EUTRAN)), scheduling may be
performed in the time and frequency dimensions using a
Frequency Selective (FS) scheduler. In some embodiments,
cach remote unit may provide a frequency band channel
quality indicator (CQI) or other metric to the scheduler to
enable scheduling.

In OFDM systems or OFDM like systems such as DF1-
SOFDM and IFDMA, a resource allocation 1s a frequency
and time allocation that maps imformation for a particular
base unit to sub-carrier resources from a set ol available
sub-carriers as determined by the scheduler. This allocation
may depend, for example, on the frequency-selective chan-
nel-quality 1ndication (CQI) or some other metric reported
by the UE to the scheduler. The channel-coding rate and the
modulation scheme, which may be different for different
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portions of the sub-carrier resources, are also determined by
the scheduler and may also depend on the reported CQI or
other metric. In code division multiplexed networks, the
resource allocation 1s code allocation that maps information
for a particular base unit to sub-carrier resources from a set
ol available sub-carriers as determined by the scheduler.

FI1G. 2 1llustrates a frame 200 that constitutes a portion of
a radio frame. The radio frame generally comprises a
plurality of frames, which may form a concatenated con-
tinuum of frames. In FIG. 2, each frame includes a com-
posite control channel portion 210 comprising at least two
control channel elements. FIG. 2 illustrates the composite
control channel include a plurality of control channel ele-
ments 212, 214, 216 and 218. The control channel elements
cach comprise a codeword that provides a physical mapping
ol a logical control channel to a sequence of symbols, for
example, QAM symbols. The control channel elements are
generally not the same type. In FIG. 2, for example control
channel elements 212 and 218 have dlf erent sizes. Control
channel elements may also be for uplink or downlink
assignments, and have different associated information pay-
load. Control channel elements may also be associated with
different releases of the specification. In some embodiments,
the composite control channel includes reference symbols,
for example, pilot symbols, that are distinct from the control
channel elements. The reference symbols are typically read
by all remote unaits.

Each frame corresponds to a transmission time interval
(TTI). An exemplary TTI 1s 1 ms. In one embodiment, a
single TTI has a length 1 ms or 2 ms wherein the TTI 1s
segmented mto two sub-frames each having a 0.5 ms length.
Such a construction however implies the need to address
multiple resource blocks, 1.e., more than the number of
resource blocks in a single 0.5 ms sub-frame, unless the
resource block (RB) definition 1s expanded to automatically
define the RB as extending over the entire length of the TTI,
without regard for the TTI duration. This can lead to
inefliciency, however, in the form of excessive per-RB
capacity. In case the RB 1s defined to extend over a fraction
of the length of the TTI, 1t would be possible to 1ndepen-
dently address each of the resource blocks in the multiple
sub-frames making up the TTI. Accordingly mechanisms are
required to signal resource assignments in the case of a
frame or T'TI composed of concatenated sub-frames. Fur-
thermore, mechanisms are required to be able to assign
resources based on the needs of individual UE wherein
tewer resources being assigned for a UE served smaller
packets while more resources assigned to UE served with
larger packets. In the case of UMTS (Universal Mobile
Telecommunications System), a TT1 1s defined as the length
of time over which a transmission or transport block is
transmitted. A transmission block or transport block 1s
composed of a block of jointly coded data protected by a
single CRC. In the present instance, an alternate definition of
TTI could be the length of transmission controlled by a
single mstance of control channel signaling.

In one embodiment, each control channel element con-
tains only radio resource assignment information, for
example, a codeword, exclusively addressed to a single
wireless communication entity, for example, one of the
remote units 102, 103 in FIG. 1. The radio resource assign-
ment information includes, among other remote unit specific
information and a time-irequency radio resource assign-
ment. In other embodiments, the radio resource assignment
information may additionally comprise modulation, code
rate, information block size, antenna mode indicator, and

other information.
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In one embodiment, the wireless communication network
infrastructure entity, for example, the scheduler, may
address more than one control channel element to the same
wireless communication enfity, for example, one of the
remote units 101 or 103 in FIG. 1. More particularly, the
control channel may include a first version of a codeword
including a resource assignment on a first control channel
clement of the composite control channel and a second
version of the codeword including a resource assignment on
a second control channel element of the composite control
channel, wherein both of the first and second versions of the
codeword are addressed to the same mobile unit. In one
embodiment, the first and second versions of the codeword
are the same, and 1n another embodiment the first and second
versions of the codeword are different. Whether codes words
addressed to the same entity are different or the same aflects
how the addressed entity combines the control channel
clements as discussed further below. Thus the wireless
communication network infrastructure enftity transmits the
composite control channel including at least two control
channel elements, wherein each elements includes corre-
sponding {irst and second codeword versions addressed to
the same entity. In some instances, the wireless network
infrastructure entity may, typically based on the channel
conditions of the enftity, transmit the composite control
channel including a single control channel element
addressed to the enfity.

In embodiments where the composite control channel
includes a composite control channel including at least two
different types of radio resource assignment control channel
clements, the remote unit generally determines the number
of types of control channel elements constituting the com-
posite control channel upon receiving the composite control
channel. In one embodiment, the composite control channel
includes type indicator information for each type of control
channel element constituting the composite control channel.
The remote unit may thus determine the number of types of
control channel elements based on the type indicator infor-
mation. In FIG. 3, a radio frame 300 includes a composite
control channel 310 comprising a first control channel
clement type 312 and a second control channel element
types 316. The first control channel element type 1s 1denti-
fied by a first indicator, for example, a sequence of bits, 314
appended to a last control channel element of the first type.
The second control channel element type 1s 1dentified by a
second indicator 318 appended to a last control channel
clement of the second type. In another embodiment, the
indicators 316 and 318 are not present, and the control
channel element type 1s determined after successiul decod-
ing ol the control element. For example, a type bit may
indicate an uplink or downlink control element in the
decoded payload. The control element may be addressed to
a single UE by a color coded CRC or by other means.
According to another aspect of the disclosure, the remote
unit determines a number of control channel elements con-
stituting at least one or at least two control channel elements
of the composite control channel. FIG. 3 1s only one 1llus-
trative embodiment of the physical layout of the control
channel elements on the radio-sub frame. In an alternate
embodiment, the layout may be viewed as a logical layout,
where the control channel elements comprise a number of
sub-carriers distributed across the frame.

In one embodiment, the determining the number of types
ol control channel elements constituting the composite con-
trol channel includes determining a number of uplink control
channel elements and determining a number of downlink
control channel elements. The number of uplink control
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channel elements may be determined based on a first
sequence of bits and the number of downlink control chan-
nel elements based on a second sequence of bits embedded
within the frame. In one embodiment, the numbers of uplink
and down link control channel elements are determined
based on where the first and second bit sequences are
embedded within the frame. Alternatively, the use of difler-
ent bit sequences may be used to indicate the different
numbers of control channel elements. For example, a first bit
sequence may indicate a first number of uplink elements and
a second bit sequence may indicate a second number of
uplink elements.

In some embodiments, the composite control channel
includes a first composite control channel portion 1n a first
receive bandwidth on first center frequency and a second
composite control channel 1n a second receive bandwidth on
a second center frequency. Such a control channel structure
may be implemented to accommodate remote users having
limited receive bandwidth. More generally, the composite
control channel may be divided into multiple composite
control channel portions on corresponding center frequen-
cies. For example, terminals may have their receiver band-
widths limited to 10 MHz, while the carrier bandwidth 1s 20
MHz. In order accommodate such terminals of limited
mimmum bandwidth capability, 1t might be necessary to
map the composite control channel to both the lower 10 Mhz
and the upper 10 MHz sub-bands of the 20 MHz carrier.
Terminals with 10 MHz capability camp on either one of the
upper or lower sib-bands and receive the respective com-
posite control channel.

In the process 400 of FIG. 4, at 410 a wireless commu-
nication entity, for example, the remote unit, the terminals
receives a composite control channel including at least two
control channel elements. In one embodiment, each the
control channel element only contains radio resource assign-
ment information exclusively addressed to a single wireless
communication entity.

In FIG. 4, at 420, two or more control channel elements
are combined before decoding at 430. Generally, however,
the remote unit may attempt to decode a single control
channel element without first combining elements or 1t may
attempt to decode a single control channel element after
decoding or attempting to decode combined elements.
Whether or not any combining 1s necessary depends gener-
ally on whether the remote unit 1s successiul decoding single
control channel elements. Combining may be required, for
example, 1 instances where a cyclic redundancy check
(CRC) or other mformation verification check fails after
decoding a single control channel element, or where decod-
ing 1s not successiul. Information verification typically
involves remote unit specific information, which may be
included 1n the decoded control channel element, or masked
with the encoded control channel element, or masked or fed
into a CRC for CRC color coding.

In some 1mplementations, each of the plurality of control
channel elements has an associated root index, which may
be used as a basis for combining the control channel
clements. For example, 1f the composite control channel
comprises 12 control channel elements, 4 of those elements
may have the same associated root index and may be used
as the basis for decoding and combiming and decoding the
control channel elements. In embodiments where the control
channel 1s divided into portions on corresponding center
frequencies, as discussed above, the remote unit only com-
bines control channel elements from the same control chan-
nel portion. In other words, control channel elements from
different control channel portions are not combined.
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In some embodiments, the remote unit combines at least
two control channel elements of the composite control
channel, wherein each control channel element 1s of the type
that contains only radio resource assignment information
exclusively addressed to a single wireless communication
entity. Combining may be required, for example, 1n
instances where a cyclic redundancy check (CRC) or other
information verification check fails after decoding a single
control channel element, or instances where decoding 1s not
successiul. Generally, however, the remote unit may attempt
to decode a control channel element without first combining.

In one embodiment, at least two of the control channel
clements are combined by summing soft information
derived from first and second codeword information,
wherein the first codeword information 1s within a first
control channel element and the second codeword 1informa-
tion 1s within a second control channel element. In such a
combination, the combine control channel elements are
temporally aligned and superimposed (known as Chase
combining). The superposition may involve max-ratio com-
bining, or adding together log-likelihood-ratios (LLRs), or
the like. The assumption here 1s that the first and second
codeword information 1s addressed to the same remote unait.
If not, either the decoding or the information verification
check after decoding will be unsuccesstul. In the case of
failure, the remote unit may form a diflerent combination of
control channel elements, for example, by combining a
different set of control channel elements or by combining an
additional element.

In another embodiment, at least two of the control channel
clements are combined by rearranging and summing soit
information derived from different first and second code-
word information, wherein the first codeword information 1s
within a first control channel element and the second code-
word information 1s within a second control channel ele-
ment. For example, the first codeword and second codeword
may comprise subsets of an information set and parity bits
generated from a lower rate channel encoder. The subsets
may be non-overlapping or partially overlapping. Soft infor-
mation corresponding to overlapping codeword bit positions
1s typically summed 1n the remote unit, while non-overlap-
ping bit positions are typically rearranged to an appropriate
position for decoding.

In one embodiment, the remote unite combines the at least
two control channel elements according to predefined com-
binations of control channel elements. For example, at least
one of the pre-defined combinations includes a combination
of at least two logically contiguous control channel ele-
ments. The logically contiguous control channel elements
may or may not be physically contiguous. For example, 1f a
set of sub-carners distributed across frequency (a comb) 1s
used for one control channel element, another control chan-
nel element may or may not physically occupy the sub-
carriers adjacent to the first control channel element. Or, 1f
the logical and physical orderings of sub-carriers are 1den-
tical, that 1s, there 1s a one-to-one mapping of logical and
physical sub-carriers, then logical adjacency implies physi-
cal adjacency and vice versa. In other embodiments, at least
two non-adjacent control channel elements are combined,
wherein the non-adjacent control elements may be physical
or logical.

In some implementations, the order in which the remote
unit attempts to combine the control channel elements
according to the pre-defined combinations 1s based on one or
more hypotheses or assumptions. For example, the control
channel elements may be combined based on a determina-
tion of the number of control channel elements constituting
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the composite control channel. Such a determination also
includes determining the number of control channel ele-
ments constituting a particular type of control channel
clement 1in embodiments where the composite control chan-
nel includes more than one elements type as discussed
above. The number of control channel elements may be
determined, for example, based on the existence of control
channel element number information included 1n the com-
posite control channel. For example, the number of control
channel elements may be determined based on a sequence of
bits appended to the composite control channel. In one
implementation, different bit sequences are indicative of
different numbers of control channel elements. In another
implementation, the location of the sequence of bits within
the frame 1s indicative of the number of the control channel
clements. In this latter implementation, the same bait
sequence may be used to indicate different numbers of
control channel elements depending on where the bit
sequence 1s located within the frame. The number of control
channel elements may also be determined based on data or
messaging shared between a wireless communication device
and a network infrastructure enftity. This may occur 1n a
message sent to all remote units via a broadcast channel sent
occasionally or a broadcast message sent in each TTI. The
number of control channel elements or subset of control
channel elements that the remote unit should decode may
also be sent via a message dedicated for that remote unit.

In one embodiment, control channels may be one or two
control channel elements, with the size of the control ele-
ment indicating the type of control element. Convolutional
encoding may be used for the control elements. And the
decoder may decode the first control element, check the
CRC, and then stop decoding if the control element 1is
designated for the user. I not, the decoding may commence
from the point just prior to tail bit nsertion on the first
control element, through the end of the trellis comprised of
both control elements. The CRC 1s again checked. In this
way, control channel decoding may be achieved with less
ellort than 1f combined control elements were decoded from
the beginning of the trellis. Note that the code rate for the
single and two control elements must be the same 1n this
embodiment.

In some embodiments, a portion of the composite control
channel 1s allocated for assigning radio resources 1n each
frame. In these embodiments, the unallocated portion of the
control channel may be used for data transfer. Thus a
wireless communication network infrastructure entity, for
example, a scheduler, may allocate a portion of the control
channel for assigning radio resources 1n each frame by
embedding a bit sequence within the corresponding frame.
In one embodiment, the location of the sequence of bits
within the frame 1s indicative of the size of the control
channel, for example, how many control channel elements
are allocated for assigning radio resources to one or more
remote units. In this implementation, the control channel
clements may be addressed exclusively to a single remote
unit or to more than one remote unit. More generally, the
network infrastructure entity may dynamically change the
portion of the control channel for assigning radio resources
in each frame by changing the bit sequence or the location
bit sequence embedded 1n each frame before transmitting the
frames. As suggested above, moreover, the network 1nfra-
structure entity may also dynamically allocated different
types ol control channel elements and the number thereof
within a frame.

In another embodiment, the bit sequence embedded
within the sub-frame 1s used to identily that the control

5

10

15

20

25

30

35

40

45

50

55

60

65

8

channel element 1s for a remote unit. In this case, the bit
sequence embedded within the sub-frame may be a data
dependent bit sequence, such as a CRC processed with
wireless communication device identification information,
the codeword masked with wireless communication device
identification information or the like. In this embodiment, a
first sub-frame, which may be the last sub-frame of a TTI,
contains control information including modulation type,
resources, or antenna mode 1ndicator. Fach control channel
may be one or more control channel elements, and the size
of the control channel may be different in the first and
second sub-frames. The second sub-irame may occur on the
same or different portions of the control channel as the
control information from the first sub-frame. If a different
portion of the sub-frame 1s used, blind decoding complexity
may be reduced by having the control channel elements in
the second sub-frame known from the location of the remote
units control channel elements from the first sub-frame.

In the process diagram 500 of FIG. 5, at 510, the wireless
communication network inirastructure entity allocates a
portion of the control channel for assigning radio resources
in each frame by embedding a bit sequence within the
corresponding frame. Allocating a portion of the control
channel includes allocating all available portions of the
control channel or less than all available portions thereof,
wherein the unallocated portion may be used for other
purposes, for example, data transfer. At 520, the wireless
communication network infrastructure entity dynamically
changes the portion of the control channel for assigning
radio resources in each frame, wherein multiple frames
constitutes a radio frame. According to this aspect of the
disclosure, potentially, a different portion of each control
channel 1n each frame, constituting the radio frame, may be
allocated to assigning radio resources. The portion of the
control channel for assigning radio resources 1n each frame
may be changed dynamically by changing the location of the
bit sequence embedded 1n each frame or by using diflerent
bit sequences, as discussed above. At 530, the wireless
communication network infrastructure entity transmits at
least two frames, for example, constitute a radio frame,
wherein each frame includes a control channel having a
portion thereof allocated for radio resource assignment.

In FIG. 2, for example, a portion of the control channel
used for radio resource assignment 1s indicated based on
where a bit sequence 220, referred to as a terminating
marker or signature, 1s embedded within the corresponding
frame. Depending on where the bit sequence 1s located, the
portion of the control channel, e.g., the number of elements,
used for radio resource assignment may be less than the
entire control channel of the frame. Generally, different
frames constituting a radio frame may allocate different
portions of the corresponding control channels for radio
resource assignment. In one implementation, a wireless
communication device, comprises a receiver capable of
receiving a frame corresponding to a transmission time
interval, wherein the frame includes a control channel and a
bit sequence embedded within the frame. A controller com-
municably coupled to the receiver 1s configured for deter-
mining a portion of the control channel used for radio
resource assignment based on where the corresponding bit
sequence 1s embedded within the received frame, wherein
the portion of the control channel used for radio resource
assignment may be less than the entire control channel.

In the wireless commumnication device, for example, one
of the remote units 101 or 103 in FIG. 1, the device receives
a plurality of at least two frames, wherein each frame
includes a control channel having at least two control
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channel elements and each frame includes a bit sequence
embedded within the frame. In one embodiment, the wire-
less communication device determines a portion of the
control channel used for radio resource assignment 1n each
frame based on where the corresponding bit sequence 1is
embedded within the frame. Generally, the portion of the
control channel used for radio resource assignment may be
less than the entire control channel and each frame may use
different portions of the control channel for radio resource
assignment based upon where the corresponding bit
sequences 1s embedded within the frame.

In some 1nstances, all control channel elements of the
composite control channel communicate control channel
information. In this particular embodiment, the absence of
control channel element number information, e.g., a bit
sequence embedded within the frame, 1s indicative of the use
of the full composite control channel for radio resource
assignment. For example, 1n the absence of control channel
clement number information, the remote umit may assume a
default number of control channel elements are used for
assigning radio resources.

While the present disclosure and the best modes thereof
have been described 1n a manner establishing possession and
enabling those of ordinary skill to make and use the same,
it will be understood and appreciated that there are equiva-
lents to the exemplary embodiments disclosed herein and
that modifications and variations may be made thereto
without departing from the scope and spirit of the inven-
tions, which are to be limited not by the exemplary embodi-
ments but by the appended claims.

What 1s claimed 1s:
1. A method 1n a wireless infrastructure entity, the method
comprising:
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determiming a channel condition of a wireless communi-
cation entity connected to the wireless infrastructure
entity; and

transmitting a composite control channel from the wire-

less infrastructure entity, the composite control channel
including (1) a single control channel element based on
the channel condition of the wireless communication
entity and (1) a first portion allocated for assigning
radio resources and a second portion allocated for data
transier.

2. The method of claim 1, wherein the first portion
includes additional control channel elements that are allo-
cated for assigning the radio resources, further comprising
providing radio resource assignment information on the
additional control channel elements of the composite control
channel before transmitting the composite control channel.

3. A method 1n a wireless infrastructure entity, the method
comprising;

determining a channel condition of a wireless communi-

cation enftity connected to the wireless infrastructure
entity; and

transmitting a composite control channel from the wire-

less infrastructure entity, the composite control channel
including (1) at least two control channel elements
based on the channel condition of the wireless com-
munication entity and (11) a first portion allocated for
assigning radio resources and a second portion allo-
cated for data transfer.

4. The method of claim 3, wherein the first portion
includes additional control channel elements that are allo-
cated for assigning the radio resources, further comprising
providing radio resource assignment information on the
additional control channel elements of the composite control

channel before transmitting the composite control channel.
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